Background With advances in multimodality therapy, colorectal cancer survivors are living longer. However, little is known about the quality of their long-term survival. We investigated the functional outcomes and symptoms among long-term survivors. Methods A cross-sectional study of 1,215 long-term (>5 years) colorectal cancer survivors was conducted using a validated disease-specific questionnaire. Younger onset survivors (18-50 years) were matched 1:2 to later onset survivors (>50 years). Standardized mean scores were compared using one-way ANOVA. Key patient and treatment factors that impact function and symptoms were assessed by multivariate linear regression. Results Eight hundred thirty survivors responded at an interval of 10.8±3 years from diagnosis (68 % response rate). Younger onset survivors underwent more surgery (97.9 vs. 93.6 %, P<0.001) and received more chemotherapy (86.1 vs. 77.7 %, P= 0.004). Anxiety, body image, sexual dysfunction, embarrassment by bowel movements, micturition problems, and impotence were significant concerns. Younger onset survivors reported worse anxiety, body image, and embarrassment with bowel movements, whereas later onset survivors highlighted sexual dysfunction, micturition problems, and impotence. Age at diagnosis was a key independent determinant of long-term function and symptoms. Conclusion Long-term survivors of CRC face ongoing functional deficits and symptoms, and their survivorship experience differs by age. Age at diagnosis should serve as a basis for tailored, personalized survivorship care plans.
Introduction
Colorectal cancer (CRC) is the third most commonly diagnosed and third leading cause of cancer death in men and women in the USA. 1 Both the incidence and mortality rates of CRC have decreased owing largely to population-based screening. [2] [3] [4] However, while the overall incidence of CRC decreased 3.0 % per year in men and 2.4 % per year in women between 1998 and 2006, 3 the incidence of CRC in young adults (<50 years of age) has persistently increased. 1, [5] [6] [7] Indeed, it is estimated that by 2030, 1 in 10 new cases of colon cancer and 1 in 4 new cases of rectal cancer will be diagnosed in these young adults.
Several studies have documented significant sequelae in physical and functional symptoms at 1, 2, and 4 years after CRC treatment. [11] [12] [13] [14] However, these studies only focused on shorter term survivors within the immediate years after cancer treatment. Moreover, the majority of patients examined in these studies were older than 50 years of age. It is thus unknown if the previously reported findings would also be observed among long-term (>5 years) survivors or among the growing numbers of young adults diagnosed with CRC. Indeed, because young adults are more likely to present with more advanced disease, and more likely to receive more extensive multimodality therapy compared to patients diagnosed later in life, they may face unique issues during their cancer survivorship. 6, 15 Therefore, we aimed to fill these gaps in knowledge by investigating the functional outcomes and symptoms reported by long-term CRC survivors. We specifically examined for differences by age at disease diagnosis, as well as other patient and treatment-related factors that may be key independent determinants of long-term functional outcomes.
Methods

Study Design and Population
The University of Texas MD Anderson Cancer Center CRC registry was queried to identify all CRC survivors who were alive at least 5 years from their initial diagnosis. Patients with no active address or who declined future contact for research were excluded. To enrich for long-term survivors who had been diagnosed during young adulthood (YS, age 18-50 years), they were matched at a 1:2 ratio to survivors diagnosed during later adulthood (LS, age >50 years) for tumor site (colon vs. rectum). Medical records were retrospectively reviewed for patient demographics, as well as disease and treatment details, including surgery, chemotherapy, and radiation therapy. This study was approved by the Institutional Review Board.
Survey Instrument and Procedure
All eligible patients were mailed a generic cancer survivor survey 16 and a disease-specific survey. 17 Both were self-administered, validated instruments, and we herein report findings from the disease-specific survey. To maximize survey response rates, initial nonresponders were contacted by up to two subsequent mailings as well as a remainder telephone call.
The European Organization for Research and Treatment of Cancer CRC module (EORTC CR 29) is a validated diseasespecific instrument specifically developed to measure healthrelated QoL in patients with CRC. 17 The EORTC CRC 29 consists of 29 single items which are divided into 4 function domains (anxiety, body image, male sexual function, and female sexual function) and 13 symptom domains (micturition problems, abdominal and pelvic pain, defecation problems, fecal incontinence, bloated feeling, dry mouth, hair loss, trouble with taste, sore skin, embarrassment with bowel movements, stoma-related problems, impotence, and dyspareunia). Patients were asked to report how frequently they experienced each concern over the past 4 weeks. Each single item is scored on a 4-point scale ranging from 1 ("not at all") to 4 ("very much").
Statistical Analysis
Patient, disease, and treatment factors for all survivors were described using summary statistics. They were compared between YS and LS by Student's t test for continuous variables and chi-square test for categorical variables.
A domain score was calculated for the 4 functional and 13 symptom domains from single item scores according to the EORTC CR 29 Scoring Manual. Each domain score was standardized by linear transformation and ranged from 0 to 100. A higher score in the functioning domains indicates better function, but a higher score in the symptom domains indicates more severe symptomatology. The standardized domain scores were compared between YS and LS using oneway ANOVA. For single item score analysis, we defined a priori that an item score of 3 ("quite a bit") or 4 ("very much") indicated significant impact on long-term survivorship. The proportion of YS versus LS respondents indicating significant impact was compared using chi-square test.
Multivariate linear regression analysis was used to identify independent determinants of each domain score, while controlling for the potential confounding effect of patient demographics, tumor factors, and treatment-related factors including age at diagnosis, gender, race, site of disease, extent of disease at presentation, surgery, chemotherapy, radiation therapy, ostomy, and current active cancer. All reported P values are two-sided and considered significant at the 0.05 level. We used STATA version 12 (Stata Corp, College Station, TX, USA) for statistical analyses.
Results
A total of 1,216 patients (415 YS and 801 LS) met inclusion criteria. Eight hundred thirty patients (282 YS and 548 LS) completed and returned their survey. The response rate was 68 % overall and was the same for YS and LS. The mean time between CRC diagnosis and completion of the survey was 10.8 years for the entire cohort, 10.6 for YS, and 10.9 years for LS. Nonresponders were more likely to be female (50.5 vs. 43.7 %, P=0.027) and nonwhite (27.5 vs. 16.3 %, P<0.001) and less likely to undergo surgical resection (91.5 vs. 95.0 %, P = 0.0143), receive chemotherapy (58.5 vs. 80.6 %, P<0.001), and receive radiation therapy (29.8 vs. 53.6 %, P<0.001) compared to responders. There was no difference in the age at diagnosis between nonresponders and responders.
Patient Characteristics
Respondents represent a wide spectrum of demographic characteristics, disease stage at diagnosis, as well as treatments received (Table 1) . When YS and LS were compared, they differed in mean age at diagnosis of CRC by design (YS 43.4 vs. LS 62.6 years, P<0.001). YS were more likely to be female and nonwhite. Tumor site was well matched between the two groups. YS were more likely to present with regional and metastatic disease (54.9 vs. 33.4 %, P<0.001) and receive chemotherapy (86.2 vs. 77.7 %, P=0.004) compared to LS. There was no difference in receipt of radiation therapy, presence of a permanent ostomy, or presence of current active cancer between YS and LS.
Functional Outcomes and Symptoms among Long-Term CRC Survivors
The standardized mean scores for the four functional domains demonstrated lowest scores for all survivors in sexual function (correlating with sexual dysfunction), followed by anxiety and body image (Fig. 1a) . Young adults were more troubled by worse anxiety (57.1 vs. 69.6, P<0.001) and poor body image perception (73.9 vs. 81.8, P<0.001) compared to LS. Both male and female sexual dysfunction was worse among LS compared to YS (male 44.3 vs. 55.8, P=0.002; female 24.0 vs. 33.7, P=0.014).
The standardized mean scores for the 13 symptom domains revealed that impotence, embarrassment by bowel movements, micturition problems, fecal incontinence, and dyspareunia are the five most common symptoms reported by all survivors (Fig. 1b) . Among the 13 symptoms assessed, YS differed from LS in that YS reported more abdominal and pelvic pain (12.1 vs. 7.9, P<0.001), bloated feeling (26.0 vs. 18.4, P=0.0002), hair loss (10.2 vs. 6.9, P=0.030), and embarrassment with bowel movements (46.5 vs. 27.8, P=0.002) compared to LS. LS reported more problems with micturition (33.7 vs. 28.5, P=0.002) and impotence (63.8 vs. 47.3, P<0.001) compared to YS. The scores for defecation problems, fecal incontinence, dry mouth, trouble with taste, sore skin, stoma-related problems, and dyspareunia did not significantly differ by age.
The percentages of patients who were significantly impacted (defined by reporting a score of 3 "quite a bit" or 4 "very much" for the single items) by functional deficits and symptoms are illustrated in Fig. 2 . Among the functional domains, the greatest proportion of survivors reported significantly impacted sexual function. Of all survivors, 15.5 and 25.2 % were significantly affected by anxiety and body image concerns, respectively (Fig. 2a) . These latter issues disproportionately affected YS. Among the symptom domains, at least 15 % of all survivors reported that they were significantly impacted by micturition problems, fecal incontinence, sore skin, embarrassment with bowel movements, impotence, and dyspareunia (Fig. 2b) . Greater proportions of YS complained of sore skin, embarrassment with bowel movements, and dyspareunia, whereas greater proportions of LS complained of problems with micturition, fecal incontinence, and impotence.
Independent Determinants of Long-Term Functional Outcomes and Symptoms
Among those functional deficits and symptoms noted to be significantly impactful, key independent determinants of the functional and symptom domain scores differed by the specific domain examined (Table 2 ). However, age at disease onset was an independent determinant in all four function and four of the six significantly impacted symptom domains. Specifically, younger age at disease onset was independently associated with more anxiety, worse body image perception, sore skin, and embarrassment with bowel movements among long-term CRC survivors. On the other hand, later age was independently associated with male and female sexual dysfunction, micturition problems, and impotence.
Discussion
Multimodality therapy for CRC has improved the length of survival among CRC patients; however, it is often associated with adverse effects. As the number of cancer survivors continues to increase, researchers have observed that improving the quality of cancer survivorship has emerged as a new priority in cancer care. 18, 19 Survivors of CRC represent approximately 10 % of all cancer survivors, but the residual functional outcomes and symptoms among long-term survivors have not been documented. 18 We measured these outcomes in 830 patients who had survived an average of 10.6 years after their initial CRC diagnosis and treatment using a validated disease-specific instrument and demonstrated that ongoing deficits in function and symptoms among long-term CRC survivors differed by age at diagnosis. YS reported more anxiety and worse body image perception, while LS had more concerns about sexual dysfunction. YS also experienced more abdominal and pelvic pain, bloating, hair loss, and embarrassment with bowel movements, while LS reported more problems with micturition and impotence.
Because the initial age at cancer diagnosis was a key determinant for long-term CRC survivor experience, it should be strongly considered as a basis for designing tailored and individualized survivorship care programs.
Functional outcomes and symptoms experienced daily by long-term cancer survivors contribute to the quality of their survivorship experience. Increasing attention is being paid to the care of the growing number of survivors. Indeed, "Principles of Survivorship Care" has been a part of the National Comprehensive Cancer Network Clinical Practice Guidelines for Colon and Rectal Cancer since 2009. 20 Investigating functional outcomes and symptoms among long-term CRC Importantly, we herein have investigated patients with both colon and rectal cancer alive within at least 10 years of diagnosis. In previous reports, long-term CRC survivors experienced bowel problems (i.e., diarrhea and constipation), depression, poor body image perception, pain, and sexual dysfunction. [22] [23] [24] [25] In our study, we not only corroborated these findings but further highlight that significant concerns for poor body image perception, pain, and sexual dysfunction do persist in the long-term, even 10 years after treatment. These findings indicate that surgeons and other physicians should be cognizant of the long-term impact of oncologic diagnosis and treatments to patients. Such an understanding can help shape counseling discussions even at the time of initial diagnosis and can facilitate management of patient expectations. The deficits and concerns documented herein should also motivate proactive interventions and supportive care for cancer survivors. For example, for patients experiencing sexual dysfunction and impotence, urologic, gynecologic, and/or psychiatric referral may be appropriate for counseling and considerations for medical/hormonal therapy and assistive devices; urodynamic studies may be appropriate for patients with micturition problems; behavioral intervention and cognitive therapy may be appropriate for patients with body image concerns; and early referral to a pain clinic may be appropriate for patients with significant abdominal or pelvic pain. Currently, the American Society of Clinical Oncology recommends that all cancer survivors be periodically evaluated for symptoms of depression and anxiety using validated measures. Depending on the level of symptomatology, patients can be referred for support care services or consultation to a psychologist or psychiatrist for further treatment. 26 Indeed, two important epidemiologic trends have recently emerged: first, CRC is being increasingly diagnosed among young adults between the ages of 18 and 50, prior to the age to commence average-risk screening for CRC in the USA; [5] [6] [7] secondly, nearly one third of all cancer survivors are adults between the ages of 18 and 50. 19 Unfortunately, to date, no study has specifically investigated the long-term functional deficits and symptoms experienced by young adults treated for CRC. Using EORTC CRC 29, a validated instrument specifically designed to evaluate functional outcomes in CRC patients, 17 we were able to document for the first time specific concerns of young adults. We found that the patterns of functional deficits and symptoms differed significantly by age. For example, YS were more likely to experience poor body image perception and complain of more abdominal and pelvic pain compared to LS, whereas LS reported worse sexual function compared to YS. We did not detect a difference in bowel problems (i.e., fecal incontinence and defecation problems) in our study and this may reflect that both YS and LS had largely adapted to new bowel patterns by 10 years posttreatment. Taken together, our findings indicate that increasing attention must be paid to young adults with CRC. Age should be considered while developing individualized survivorship care plans, and a tailored approach should be used to address age-specific concerns. Indeed, as patients survive into the long-term, patient age, rather than details related to their treatment, have arisen as key determinants of daily function and symptoms.
Our study includes the largest cohort of long-term CRC survivors stratified by age specifically evaluating functional and symptoms outcomes, but it remains limited in several aspects. First, as a first look at patients with long-term CRC survivorship, it was a cross-sectional study by design. Changes in patient-reported outcomes that can occur over time were not evaluated and are being investigated in an ongoing prospective study. Second, we recognize that some of the age- related disparities in our study appear to follow general trends that may be expected in the general population. Specifically, our later onset survivors reported worse sexual function and more problems with micturition and impotence. Nonetheless, beyond relative trends, we highlight the high absolute proportions of patients significantly impacted by these symptoms. For example, in our study, 42 % (almost 1 in 2) of young adult men and 63.2 % (almost 2 in 3) of older adult men complained of impotence. These numbers are significantly higher than previously reported rates of approximately 5 % of men ≤40 years of age and 15-25 % of men ≥65 years of age experiencing impotence in the general population. 27 The lack of a normal population control in our survey specifically designed to assess the needs of long-term cancer survivors preclude a formal comparison with the population norm. Third, the aim of the current study is limited to reporting prevalence of symptoms to identify target areas for potential intervention to improve the current survivor experience. The EORTC CRC 29 questionnaire queries symptoms over the past 4 weeks but does not query symptoms that might have been present prior to cancer diagnosis. Therefore, the current study is limited in its lack of ability to assess the temporal trends of reported functional deficits. Fourth, our findings may be impacted by several confounders related to disease site and type of surgery. Indeed, our subgroup analysis found that patients with rectal cancer were troubled by poorer body image perception compared to patients with colon cancer; they also reported more problems with micturition, abdominal and pelvic pain, impotence, and dyspareunia. However, it is important to note that neither disease site nor type of surgery exerted an independent impact on functional outcomes in the long-term (>10 years) as demonstrated in our multivariate analysis. Indeed, patient-related factors such as age of diagnosis was a key independent determinant of our findings. Lastly, although we were able to achieve a remarkable 68 % response rate among patients who were several years away from their initial treatments through meticulous survey procedures, demographic characteristics differed between responders and nonresponders. Nonresponders were more likely to be Hispanic and female, whereas responders were more likely to undergo surgical resection, receive chemotherapy, and receive radiation therapy. We were unable to measure the magnitude of the impact of potential responder bias.
In conclusion, long-term CRC survivors face ongoing deficits in function and symptoms. The initial age at CRC diagnosis significantly impacted patient-reported experiences and may be associated with long-term coping. It is important to be aware of the difference in functional outcomes and symptoms experienced by both young and old CRC survivors in order to tailor survivorship care. Providing quality survivorship care is becoming increasingly important with improvements in CRC treatment and increasing number of CRC survivors. Designing tailored and age-appropriate survivorship care plan can improve long-term cancer survivorship experience. The potential efficacy of age-tailored interventions as components of personalized survivorship care need to be investigated in future studies. 
Discussant
Dr. John R. Monson (Rochester, NY): Mr. Chairman, ladies and gentleman let me first thank the organizers for the invitation and honor to discuss this interesting presentation. I would also like to thank the authors for the opportunity to review their excellent manuscript. For more than 100 years surgeons have debated and discussed the subtleties of colorectal cancer management and specifically surgical technique. For most of that time there was a belief that the only issue that mattered was removing the cancer and thereby curing the patient. What the patient looked like after that process was considered less important. This paper attempts to ask what the patient feels like-something that we now appreciate is often considered almost if not more important that actual survival rates. Quality of life is now recognized to be vitally important in survivorship programs-probably it should be noted not because the medical profession suddenly opened its eyes to the issues but rather, the patients themselves have developed a voice in these matters.
Today we heard the experience of a single large cancer center treating colorectal cancer centers of all types. Just over 1,200 patients long-term survivors were available to be questioned about their life using two well validated instruments-one dedicated to colorectal cancer. About two thirds responded to the questionnaires-a rate of 68 %. About one third were younger patients-less than 50 years old-with the remaining two thirds in the so-called older group.
As we heard this morning, younger patients were more anxious, more worried about body image and had better sexual function. In contrast, older patients were more afflicted by micturition problems and impotence. Now, one might simply say that these results would be the same for a general population inquiry-are these issues not part of the circle of life after all?
The manuscript does not tell us everything about these patients. For example, did they all receive their surgery in the center or not. I ask because it is well know that the pathway of care cancer patients follow before achieving their end point does impact their final psychological status. I am guessing they came from all over because I note the permanent stoma rate for the rectal cancer group seems to be over 30 %.
Two other smaller questions-do the authors plan to further investigate the relationship between psychological status and treatment choices.
Finally, you have also suggested that these persisting functional effects should inform the care of colorectal cancer patients-my question is how?
Once again, many thanks for the opportunity to read the manuscript and discuss this excellent work.
Closing Discussant
Dr. Bailey: Dr. Monson, thank you for your excellent questions and insightful feedback.
In our study, younger patients reported better sexual function whereas, older patients complained of more problems with micturition and impotence. One would expect to observe similar trends in the general population, but it is important to pay attention to the proportion of patients affected in our study. For example, according to the National Institute of Health, approximately 5 % of men ≤40 years of age and 15 to 25 % of men ≥65 years of age complain of impotence. In comparison, 42 % of young adults and 63.2 % of older adults in our study complained of impotence, which is significantly higher than what is observed in the general population.
In looking back at our data, 36.8 % of patients did not undergo surgical resection at our facility. The facility at which a patient underwent surgical resection could impact functional status. We therefore compared functional and symptom scores for patients who did and did not undergo surgical resection at our facility. We only observed a statistically significant difference for impotence. Patients who underwent surgical resection at our facility complained of more impotence compared to patients who did not undergo resection at our facility (mean score 61.4 vs. 52.9; P value=0.034). Based on these findings, we do not feel that the facility in which a patient underwent surgical resection significantly impacted our results.
Finally, our results demonstrate that colorectal cancer survivors experience long-term functional deficits and symptoms after treatment of their cancer that differs according to age at presentation. Surgeons play an important role in managing expectations of patients at the time of initial consultation. We suggest that our data allow patients of different age groups to be informed of long-term impact of surgery and multimodality therapy. We also suggest that specific problems be proactively solicited, because early referral and intervention are possible. For example, urodynamic studies and urologic referral may be appropriate for patients with micturition problems; behavioral intervention and cognitive therapy may be appropriate for those with body image concerns; and pain treatment can be actively initiated.
